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The use of standardized and affordable first-line fixed-dose combinations of antiretroviral drugs including 2 nucleoside reverse transcriptase inhibitors (NRTIs) and 1 nonnucleoside reverse transcriptase inhibitor (NNRTI) has been critical to allow the scale-up of combined ART in resource-limited countries with high human immunodeficiency virus (HIV) prevalence. 2 Most countries currently provide guidelines for the use of secondline regimens, and extensive use of ART has led to increasing numbers of patients receiving second-line therapy for long periods. It is thus likely that increasing numbers of patients in these settings will have diminished response to secondline treatment.
The issue of second-line failure has been addressed for the first time in the recent 2009 revision of the World Health Organization (WHO) treatment guidelines, which recommend third-line regimens be made available in all countries. 3 Experience in highly resourced countries has shown that triple-class experienced patients can be successfully treated with effective new antiretroviral regimens. [3] [4] [5] However, because thirdline regimens are costly and not readily available in resource-limited countries, second-line treatment is often the last therapeutic option available for patients in these settings. Maximizing the duration of second-line regimens, quantifying the need for third-line therapy in patients receiving ART in resourcelimited countries, and decreasing the price of new well-tolerated antiretroviral regimens are therefore important.
In this study, we describe rates of failure for second-line therapy and investigate individual-and programmaticlevel factors associated with secondline therapy failure and with death in patients treated with second-line therapy in 27 African and Asian ART programs supported by Médecins Sans Frontières (MSF).
METHODS
Routine clinical and laboratory patient data (FUCHIA software, Epicentre, Paris, France) collected between January 2001 and October 2008 by 27 MSF-supported programs were compiled in February 2009 and analyzed. Some patients were included in a prior analysis of switch rates to second-line therapy, early second-line outcomes, and determinants of switching and early mortality in resource-limited settings. 6 For the updated analyses with longer follow-up presented herein, 4 new cohorts are included, 2 from Africa and 2 from Asia. A total of 193 patients receiving second-line therapy for more than 6 months in these new cohorts are included herein. Two patients who initiated ART after December 2006 were treated with the prior cohort but were not included in the prior cohort analysis because the database had been censored in December 2006. Of the 437 patients included in both analyses, 132 were switched to second-line therapy after the time of the prior analysis. For 307 patients derived from the prior cohort, longer follow-up time while taking second-line therapy was available and analyzed herein (database update, October 30, 2008 ).
Programs have been described previously. 6 Briefly, physicians, clinical officers (health practitioners receiving medical training who are more qualified than nurses but less qualified than physicians, with the level of training varying by country), or nurses provide free care and treatment to patients with HIV. WHO recommendations for ART were followed, 7 and adherence counseling was offered before and after ART start. Generic antiretroviral drugs were prescribed, and CD4 cell counts were measured using automated or manual methods.
In agreement with health ministries, data were prospectively collected. No patient identifiers were kept in the data sets analyzed, and proposals for analysis were approved by the International Ethics Review Board of MSF. As advised by the National Commission of Informatics and Liberties, given the contexts in which MSF works, information for patients about the data collection system in the facility and its use was judged to be more effective than obtaining written informed consent.
Inclusion Criteria and Definitions
All patients who were aged 15 years or older, had known sex information (all patients who had been switched to second-line therapy had sex information recorded), had initiated NNRTI-based ART, were antiretroviral-naive at the start of treatment, and were receiving a second-line protease inhibitorbased regimen for more than 6 months were eligible for inclusion. WHO treatment guidelines recommend allowing at least 6 months of treatment with a given regimen before diagnosing treatment failure. This is to avoid misclassifying patients who did not receive treatment for a sufficient length of time as having treatment failure (eg, patients need to be exposed to active drugs for a sufficient amount of time to show signs of immunovirological recovery and to reach the level of immunological recovery that protects against the development of opportunistic infections). Patients were considered lost to follow-up if the time between their last visit and the closing date of the corresponding cohort was more than 1 year.
Programs in which 50% or more of patients had 1 or more measurements of viral load 3 to 9 months after secondline therapy start were considered to have had their viral loads routinely monitored. Recorded values of CD4 cell count and viral load closest to the starting date of first-line or second-line ART (3 months before and up to 2 weeks after starting ART) were defined as initial counts. For CD4 cell counts lower than 25/µL and HIV viral load higher than 100 000 copies/mL, the time window for first-line treatment was extended to 1 year before starting therapy because these patients, who were eligible for ART at the time of testing, were likely to have received treatment for another infection or pathological condition before being prescribed ART. These patients might not have been retested for CD4 cell count, viral load, or either at the start of ART. In fact, only 5 patients had CD4 cell count values at ART start that were quantified between 3 and 6 months before the start of ART.
We defined clinical failure for those receiving second-line therapy as the diagnosis of a new WHO clinical stage 3 or 4 event after 6 months of secondline use; immunological failure as a decrease in CD4 cell count to its initial value or lower, decline of at least 50% from highest measurement while receiving treatment, or CD4 cell count lower than 100/µL (or Ͻ50/µL for sensitivity analyses) at 1 year of secondline therapy, confirmed within 6 months; and virological failure as a recorded plasma viral load value of more than 10 000 copies/mL confirmed within 6 months. 8 Failure of any type was the earlier recorded failure event for each patient (clinical, immunological, or virological).
For the purposes of the analyses herein, we considered failure and mortality or retention as different outcomes in the analysis rather than considering that any death occurring after 6 months of second-line therapy start was due to treatment failure. The precise cause of death of the patients is not recorded in the data sets; thus, we were not able to distinguish between AIDSrelated deaths attributable to treatment failure (eg, deaths occurring in the absence of biological confirmation of failure because testing was not per-formed or results not recorded) and non−AIDS-related deaths.
Information on the clinic appointment date for each patient visit was available for 433 patients (68.5%) analyzed (66.3% of those without secondline treatment failure, and 78.2% of those who had recorded failure). As a surrogate marker for treatment adherence, we created an index by dividing the number of scheduled visits attended with delay (Ͼ1 day after the corresponding appointment date) by the number of months receiving secondline therapy and multiplying this by 100. We considered that patients who attended fewer than 5% of their appointments with delay were 95% or more adherent, those with 5% to 19% of delayed appointments were 80% to 94% adherent, and those with 20% or more delayed appointments were less than 80% adherent to therapy. We grouped patients according to the incidence of appointments attended without delay (Ͻ80%, 80%-94%, or Ն95%).
The cutoff values were selected based on previous studies investigating effects of adherence indicators on treatment outcomes for HIV patients.
9,10 Previous research has shown that patients with 95% or better adherence had better rates of virological suppression, less resistance, greater increase in CD4 cell counts, and lower hospital rates than patients with lower adherence. 9, 11 Furthermore, patients taking NNRTIs or boosted protease inhibitors with adherence of 80% or more had failure rates of less than 10%. 12 The adherence variable was created taking into account each consecutive date of appointment and the following recorded date of visit. For patients who did not return, the last recorded appointment date is not considered in the computation of the adherence index because there is no recorded clinical visit afterward for the assessment. These patients would have been considered lost to follow-up in the analysis.
Statistical Analysis
We measured time from 6 months after starting second-line therapy to diagnosis of treatment failure, last clinical visit, or death. We split follow-up periods into 6 to 11, 12 to 17, and 18 or more months. We described characteristics of patients by failure status, calculated times to failure and rates per 1000 person-years with Poisson exact 95% confidence intervals (CIs), and fitted random-effect Poisson models using adaptive Gauss-Hermite quadrature methods 13 , and 4; Ͻ50, 50-99, and Ն100/ µL, respectively) and second-line therapy initiation (stages 1 or 2, and 3 or 4; Ͻ50, 50-99, 100-199, and Ն200/µL, respectively); initial NRTI-backbone (stavudine and other) and NNRTI drug (efavirenz and nevirapine); duration on firstline therapy (as a continuous variable); type of second-line regimen, ie, type of protease inhibitor (lopinavir boosted with ritonavir, nelfinavir, and other) and number of NRTI changes at switch; and adherence index (Ն95%, 80%-94%, and Ͻ80%), for the subgroup of patients with available appointment dates (68.5%).
Information on clinical stage and CD4 cell counts was missing in some patients (1% and 14%, respectively, for first-line therapy start; 24% and 32%, respectively, for second-line therapy start). To impute missing data we used multiple imputation by chained equation methods.
14,15 Prediction equations included cohort (degree of urbanization for second-line imputed variables), age at ART start, sex, first CD4 cell count value and time to measurement after pretreatment CD4 cell count (for first-line or second-line regimens), patient outcome (death, lost to follow-up, or alive), and follow-up time on second-line therapy censored at 1 year of second-line therapy use. Equations for imputed second-line therapyrelated data also included nadir CD4 cell count before second-line therapy start, and indicators for clinical, immunological, and virological failure. Before imputation, continuous variables were normalized using square-root transformation for absolute and nadir CD4 cell counts, and log-transformation for age, follow-up time, and time to first pretreatment CD4 cell measurement. We used interval censoring to ensure imputation of CD4 cell values within the appropriate range (0-800/µL). We generated 10 imputed data sets. Individual and programmatic factors associated with failure in univariable analyses (P Ͻ .2) were included in adjusted models. Estimates of coefficients were derived by averaging, and appropriate standard errors calculated applying Rubins rules.
16-18 Two sensitivity analyses were performed, 1 for any type of failure using the definition of immunological failure as less than 50 cells/µL instead of less than 100 cells/ µL, 8 and 1 for immunovirological failure (first diagnosed episode of immunological or virological failure using the Ͻ100/µL definition). The WHO 2006 guidelines, 8 in attempting to standardize treatment failure definition criteria, defined immunological failure as a decrease in CD4 cell count to or lower than baseline, a decrease of 50% from the treatment peak value reached, or a persistent CD4 cell count lower than 100/µL. The rationale for using the CD4 cell count lower than 100 cells was because the other 2 criteria would require either a CD4 cell measurement at the start of therapy or would be difficult to implement in practice. Because many patients initiate firstline therapy with very low values of CD4 cell counts (median of 45/µL; secondline therapy, with CD4 cell counts close to 100/µL) in our MSF sites, we used the 50-cell threshold to increase the specificity of the immunological criteria to correctly identify treatment failure in sensitivity analyses. Results from adjusted models are provided for the whole cohort; estimates further adjusted for adherence data are given only for patients with this information.
We also examined associations between mortality after 6 months of second-line therapy and the aforementioned factors, failure of any type (with sensitivity analyses using the 2 mentioned alternative failure definitions), and occurrence of change in the prescribed second-line regimen for any reason. Because of fewer deaths than failure events, we grouped patients in the following categories: follow-up time on second-line therapy: 6 to 17 months and 18 or more months; clinical stage at first-line therapy: stages 1, 2, or 3 and stage 4; CD4 cell counts at secondline therapy start: less than 50, 50-99, and 100/µL or higher; and adherence index: at least 95% and less than 95%. In our data set, only 5 patients who died had reported adherence of less than 80%. We used Weibull random-effect survival models 19, 20 and combined estimates from imputed data sets as before. We performed sensitivity analysis of associations using cohort attrition (combined mortality and care discontinuation) instead of death.
The objective of the study was to investigate the effect of a number of programmatic-level and individual-level factors on the 2 main outcomes, therapeutic failure and mortality. Because there was no specific hypothesis for testing, power was not calculated prior to data analysis. However, when the estimates of effect for the failure outcome were examined, no important effects appeared to have been missed. Analyses investigating effects on mortality showed statistically significant associations for diagnosed second-line therapy failure, sex, and type of setting. However, because of the small number of deaths during the time of study follow-up (n=34) and the small number of sites using viral load monitoring, inability to detect a potential association between mortality and viral load monitoring could have occurred. When the power by simulation technique 21, 22 was applied to the sample herein using the Weibull model, it was estimated that the study sample size would allow a hazard rate ratio (HR) of 0.21 (estimate from our final model) to be found statistically significant in 7.4% of samples, assuming ±5% precision.
Analyses were performed using Stata version 10.1 (Stata Corp, College Station, Texas), with ␣=.05. Results are presented as adjusted incidence rate ratios (IRRs) or HRs with 95% CIs and P values from Wald tests for associations calculated across variable categories. Statistical significance was defined as PϽ .05.
RESULTS

Sites and Study Population
Twenty-seven HIV cohorts from 13 countries were included (TABLE 1). All sites had access to second-line regimens and routinely performed CD4 cell count testing, 4 routinely monitored viral load, and 19 used viral load to confirm treatment failure. After excluding 335 patients (34.6%) who received second-line therapy for less than 6 months, we analyzed data from a total of 632 adults (Ͼ14 years).
A total of 516 patients (81.7%) were treated in urban sites and 77.7% in primary health care facilities. At secondline therapy start, the median age was 35 years (interquartile range [IQR], 30-42 years), median time using ART 24.1 months (IQR, 16.1-31.1 months), and median decrease in CD4 cell count since ART start −49/µL (IQR, −136 to 0/µL]. At second-line therapy start, 71.8% of patients received lopinavir boosted with ritonavir−containing regimens, and 79.3% had changed 2 NRTI drugs (eTable 1 available at http://www .jama.com).
Rates and Time to Failure Using Second-Line Therapy
Cumulative probabilities of treatment failure from 6 to 30 months of secondline therapy are shown in the FIGURE. At 1 and 2 years of second-line start, 12% and 28% of patients, respectively, had recorded failure of any type; and 2% and 8% had immunovirological failure, respectively. During followup, 119 patients (18.8%) met failure criteria after a median time of 11.9 months of second-line therapy use (IQR, 8.7-17.0 months; Figure) . Time to failure was similar when clinical-or laboratorybased criteria were used (TABLE 2). 
ANTIRETROVIRAL REGIMENS IN RESOURCE-LIMITED COUNTRIES
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Mortality was lower in rural than in urban sites (33.6 vs 49.0 per 1000 person-years; adjusted HR , 0.33; 95% CI, 0.12-0.91), but was unrelated to use of both routine viral load monitoring and viral load testing for confirmation of clinical or immunological failure (P = .14 and P = .09, respectively; eTable 3). Women had lower rates than men (32.4 Results from sensitivity analyses examining associations with cohort attrition instead of death were consistent with those for mortality (eTable 4). In addition, we found evidence of decreased attrition in patients who experienced a change in their second-line regimen during follow-up (70.3 vs 86.8 per 1000 person-years; adjusted HR, 0.42; 95% CI, 0.22-0.80).
COMMENT
In this prospective, multicohort analysis of 27 ART programs in resourcelimited settings, 19% of patients receiving second-line therapy for more than 6 months experienced treatment failure, 5% died, and 4% were lost to follow-up. Higher failure rates were observed in patients who initiated second-line therapy at lower CD4 cell counts, in those who changed 1 NRTI drug instead of 2 at secondline therapy start, in those who did not receive lopinavir boosted with ritonavir−based second-line regimens, and during the 6-to 17-month period after second-line start. Furthermore, mortality was higher in men, patients with diagnosed second-line failure, and those treated in urban sites.
In our cohorts, the overall rate of failure using second-line therapy was 46% higher than failure using first-line (195 vs 134 per 1000 person-years).
23 Others have reported failure rates on firstline ART of 24, 24 and 78 per 1000 person-years. 25 Possible explanations for the observed higher failure rates with second-line therapy than with firstline therapy are worse tolerability of regimens, acquired drug resistance in the course of therapy, or difficulty in maintaining adherence to therapy after a long time receiving ART. This is supported by our analysis in which poorly adherent patients were 3 times more likely to fail second-line therapy than those with optimal adherence to therapy. Patients switched to secondline therapy have already experienced a first episode of treatment failure, often resulting from episodic periods of suboptimal adherence to ART. In Western countries, worse patient outcomes are frequently observed in antiretroviral-experienced than antiretroviral-naive patients. 26, 27 In an urban South African cohort, higher rates of viral suppression for second-line therapy were achieved by patients who had switched to second-line therapy for reasons unrelated to nonadherence. 28 Our findings highlight the need for strengthening of treatment adherence by counselors and support groups. initial value, 50% decrease after 6 months of antiretroviral therapy, or less than 100 cells/µL at 1 year; immunological criteria definition B: same as A but use of criterion of less than 50 instead of less than 100 cells/µL at 1 year; virological criteria: more than 10 000 copies/mL after 6 months; immunovirological criteria: first diagnosed episode of immunological or virological failure; failure of any type: first diagnosed episode of clinical, immunological, or virological failure. Immunological and virological criteria were confirmed within 6 months. a CD4 cell count measurements during patient follow-up were missing for 10% of patients. The number of patients who contributed with follow-up time to the calculation of virological rates was 163. These patients were those who were treated in cohorts in which virological testing was available for failure confirmation and were individuals who had at least 1 viral load result recorded after 6 months of second-line therapy use. Virological testing was performed in 14 of the 27 sites and viral load measurements were missing for 74% of patients. Poisson exact 95% CIs are reported. b The percentage is for the number of patients with failure for the particular type of failure diagnosed. In the absence of specific criteria to diagnose second-line therapy failure, we chose to use the same definitions as failure for first-line therapy. Use of highly sensitive but unspecific criteria to define second-line therapy failure could partly explain the observed high failing rates during second-line therapy because the time needed to achieve immunological recovery might be longer for second than for first line. In resource-rich countries, the same definitions of failure are used regardless of therapy line. 29 Furthermore, patients who met failing criteria with or without viral load confirmation were at increased risk of death and attrition, and findings were robust to changes in definitions of failure.
In our analysis, several factors were found to be associated with secondline therapy failure. Regimen potency was critical to prevent treatment failure. Hence, patients who underwent a change of at least 2 NRTIs instead of 1, and those who used lopinavir boosted with ritonavir−based therapy instead of other protease inhibitors, were less likely to fail second-line therapy. Most patients in resource-limited countries are only switched to second-line therapy after the diagnosis of clinical or immunological failure. Delayed treatment modification has been associated with poorer outcomes among patients failing NNRTI-based first-line therapy, as opposed to those receiving protease inhibitor-based regimens. 30 Exposure to replicating virus for relatively long periods could lead to accumulation of mutations and compromise the efficacy of second-line regimens. 31 In our analysis, we did not find evidence of association between duration of first-line therapy and rate of failure on secondline therapy, even after adjusting for differences in adherence. However, the absence of genotyping data did not allow differentiating patients who had developed mutations conferring resistance from those who did not.
We and others have previously documented the role of CD4 cell count nadir as a predictor of success of firstline therapy. 6, 25 Before the widespread use of genotyping in Europe, high CD4 count levels at the start of protease in- Table 2 for covariate availability. Poisson exact 95% CIs reported for rates. Incidence rate ratios (95% CIs) were estimated from random-effect Poisson models using adaptive Gauss-Hermite quadrature methods. P values from Wald tests for association were calculated across all values for a given category applying Rubin rules. Adjusted incidence rate ratios (95% CIs) from model 1 were estimated from models including level of health care, age at second-line therapy start, clinical stage at first-line therapy start, CD4 cell count at second-line therapy start, number of NRTI changes from first-line to second-line regimen, time since second-line therapy start, and type of protease inhibitor-containing second-line regimen. Estimates from model 2 were additionally adjusted for level of adherence to second-line therapy. b Model 1 did not consider adherence information.
hibitor-based therapy were found to predict subsequent virological suppression. 32 Our findings suggest that CD4 count levels at second-line therapy start are more important determinants of failure than those observed at the beginning of therapy. This highlights the need for early detection of suboptimal adherence to first-line therapy.
We also observed relatively high mortality and loss to follow-up rates (attrition of 77 per 1000 person-years) after 6 months of second-line use. Although no similar data are currently available from resource-limited countries, our estimates are within the ranges of those reported for first-line therapy (30-370 per 1000 person-years during the first 6 months of therapy, and decrease to 13-100 per 1000 personyears in later periods 33 ). The strongest factor associated with death using second-line therapy was diagnosis of second-line therapy failure. Patients meeting failure diagnosis were nearly 3 times more likely to die than other patients.
Women and patients attending rural health facilities experienced lower mortality than other patients. Differences in overall patient adherence achieved by men and women could explain these findings. Studies conducted in Africa have reported poorer adherence to treatment 34 and higher mortality and loss to follow-up rates among men than among women. [35] [36] [37] [38] The lower second-line therapy failure rates observed in rural settings might be explained by better access and closer monitoring of patients and better support to achieve second-line adherence than in larger health facilities.
Finally, we found lower attrition but not mortality in patients who had experienced a change in the initial secondline regimen prescribed. In the absence of differences in length of follow-up and in numbers of deaths and lost to follow-up patients between individuals who changed or not their second-line regimen, those who did (eg, because of toxicity) might have been more likely to continue taking their drugs and remain in care than those who were kept with the same regimen.
WHO 2006 guidelines recommended that patients receiving but not responding to second-line therapy continue the same drug regimen unless serious toxicity or drug interactions develop. In the past 3 years, the drug formulary against HIV/AIDS has increased dramatically, and viral load suppression can now be achieved regardless of presence of mutated virus. None of the newly developed drugs (ie, etravirine, darunavir, raltegravir) are currently registered and marketed in resource-limited countries, but new WHO guidelines will now recommend the provision of third-line regimens. 39 Sequencing well-tolerated and efficient regimens from first-line to secondline therapy, and from second-line to third-line therapy, is critical, however, to ensure good therapeutic outcomes.
Other limitations of our analysis not yet discussed include residual confounding by incomplete estimate adjustment, limited time of follow-up, small number of sites using viral load monitoring, small number of deaths, and the possibility of bias by differential loss to follow-up. Complete and accurate recording of routine data are difficult to achieve in resource-limited countries; MSF invests considerable resources to improve and maintain the quality of the information collected. Analyses were adjusted for an important number of programmatic and individual factors, but information such as patient adherence or diagnosed clinical nonstaging conditions was unavailable for some or all the study patients. Finally, sensitivity analyses for which associations with attrition instead of death were investigated showed similar results.
The observed rates of second-line therapy failure and associated mortality in this multicentric study in resource-limited countries highlight the need for both strengthening patient adherence to second-line therapy and increased availability of alternative and better tolerated fixed-dose combinations of antiretroviral drugs. New drugs with different modes of action and without cross-resistance to NNRTI and protease inhibitor-based regimens are also needed for patients who live in resource-limited countries.
